We performed a detailed study of the ratio of low-α to high-α stars in the Galactic halo as observed by the Gaia-ESO Survey. Using a sample of 381 metal-poor stars from the second internal data release, we found that the value of this ratio did not show evidence of systematic trends as a function of metallicity, surface gravity, Galactic latitude, Galactic longitude, height above the Galactic plane, and Galactocentric radius. We conclude that the α poor /α rich value of 0.28 ± 0.08 suggests that in the inner halo, the larger portion of stars were formed in a high star formation rate environment, and about 15% of the metal-poor stars originated from much lower star formation rate environments.
Introduction
The halo of the Milky Way is thought to contain some of the oldest stars in the Galaxy (e.g. Schuster et al. 2006 Schuster et al. , 2012 Jofré & Weiss 2011; Hawkins et al. 2014 ) and as such, the halo is the perfect place to look for clues regarding the formation of the Galaxy.
Type II supernovae produce α-elements and Fe on timescales of approximately 20 Myr in regions with high star formation rates, affecting the [α/Fe] 1 value of their environment (Wyse & Gilmore 1988) . On the other hand, Type Ia supernovae produce primarily iron-peak elements on timescales that are usually a few Gyr after the formation of the first stars in environments with lower star formation rates. This timescale can be shorter depending on the details of the star formation environment (e.g. Matteucci & Recchi 2001) . The deposition of this extra iron leads to a reduction in the [α/Fe] value of the environment over time. Thus, stellar [α/Fe] values can reveal details about early Galactic star formation sites (Freeman & Bland-Hawthorn 2002) .
The idea of grouping the metal-poor stars by their elemental abundances, such as the α−elements, in order to trace the origin of the halo has been assessed for decades (see Gratton et al. 2003a,b , and references therein for a review). Recent studies on the [α/Fe] values of stars in the Milky Way halo have been reported by, among others, Nissen & Schuster (2010 , Schuster et al. (2012) , Sheffield et al. (2012) , Ramírez et al. (2012) and Hawkins et al. (2014) . Similar studies of the [α/Fe] value of large samples of disk stars have also been performed by Lee et al. (2011); Schlesinger et al. (2012) ; Cheng et al. (2012) . In particular, by studying nearby stars (d 330 pc), Nissen & Schuster (2010) 
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.3) population which are distinct in age and kinematics. However, the fact that all these stars are nearby means they may not be representative of the entirety of the halo. The α poor stars are interpreted as accreted stars, and the α rich stars part of an in situ population. Typically, low metallicity stars are expected to be α rich . In the [α/Fe]-[Fe/H] diagram, the [α/Fe] value is constant and starts decreasing as a function of increasing metallicity. This happens at an [Fe/H] value which depends on the mass of the star forming gas cloud so it is usually found at higher metallicities for dwarf spheroidals compared to the Milky Way (e.g. McWilliam 1997) .
A ratio of the number of stars in these two putative populations (α poor /α rich ) allows us to investigate the importance of accreted material in the formation of the Milky Way. In this study, we use the metal-poor stars of the second internal data release of the Gaia-ESO Survey (GESviDR2, Gilmore et al. 2012; Randich & Gilmore 2013, hereafter, GES) in order to investigate the α poor /α rich ratio for the halo. The selection criteria for field stars of GES consist only of a cut in colour-magnitude space, resulting in a sample that is unbiased in [α/Fe] (see Gilmore et al. 2012 , for the selection criteria). Recio-Blanco et al. (2014) and Mikolaitis et al. (2014) recently noted that in the first internal data release, 10% of the metal-poor stars are α poor . Our purpose is to extend this work by exploring the α poor /α rich value as a function of stellar metallicity, log g, Galactic longitude, Galactic latitude, height above the Galactic plane, and distance from the Galactic centre, as well as by using more data from GESviDR2.
Data

The Gaia-ESO survey
The GES is an ongoing spectroscopic survey that will observe more than 10 5 stars, using the FLAMES/GIRAFFE instrument at the ESO. This work uses two grating set-ups -HR10 (R ∼ 19800) and HR21 (R ∼ 16200) -of the GIRAFFE spectrograph with wavelength ranges 5339Å -5619Å and 8484Å -9001Å, respectively. The spectra are reduced as described in Lewis et al. (in prep) . Stellar parameters are derived from the spectra by the GES consortium via a combination of three methods: MATISSE (Recio-Blanco et al. 2006) , FERRE (Allende Prieto et al. 2006 , and further developments), and SME (Valenti & Piskunov 1996 , and further developments). The parameters are calibrated to perform well with a set of pre-defined clusters (Pancino et al. in prep.) as well as with the Gaia benchmark stars (Heiter et al. in prep.; Jofré et al. 2014) . For a detailed description of this analysis, see Recio-Blanco et al. (in prep.) . To select halo stars we considered only the stars with a global metallicity [M/H] < −1 which was determined from spectra with a signal-to-noise ratio (S/N) larger than 10. We expect to have a small (∼ 3% of the entire thick disk) contamination of metal-poor thick-disk stars in this sample (Kordopatis et al. 2013a) . Finally, stars with recommended [α/Fe] > +0.6 were rejected as they typically had very large errors in the parameters. Although we are aware that we might have missed real very α rich stars, these cases were very few and did not affect our final results. For our aim of studying the α poor /α rich value, we preferred to be conservative and remove all stars with [α/Fe] > +0.6. Our final sample contained 381 stars, with a mean S/N of 22, and median errors of 77 K, 0.19 dex, 0.1 dex and 0.07 dex in effective temperature, surface gravity, metallicity, and [α/Fe], respectively.
Confirming halo membership
Although GES has proper motion data for several targets, the stars in this study are fainter than the bulk of the GES data so most of their proper motions are very uncertain. In the absence of full kinematics, as a further halo membership check we investigated the infrared colour-magnitude diagram of the sample. We corrected our J and K magnitudes using the extinction corrections of Yuan et al. (2013) . In Fig. 1 we display the dereddened magnitudes as a function of colour, coloured as a function of log g. We can see a turn-off J − K colour of approximately 0.3 mag, equivalent to a turn-off effective temperature of 6400 K. The turn-off colour of a Yonsei-Yale isochrone (Demarque et al. 2004 ) with an age of 10 Gyr, a metallicity of −1.5 dex, and an [α/Fe] of +0.4 dex was a good representation for our sample. As one can see in Fig. 1 , the number of dwarf stars at J < 14 mag is very small. Most of the stars at these magnitudes are redder than the turn-off and have low surface gravities, indicating that these An α poor and α rich population can be seen.
stars are most probably metal-poor halo giants at greater distances. The contamination of our sample by metal-poor thickdisk turn-off stars is very small at these metallicities, as seen by the very few stars which are brighter than the halo turn-off stars. It is worth commenting that the recent study of Beers et al. (2014) obtained a contribution of the metal-weak thick disk at these metallicities of 25%. Although Fig. 1 suggests that the contamination of thick-disk stars is small in our sample, a full kinematic analysis would be needed to determine the contamination percentage. This would help make consistent comparisons with previous studies of this issue, such as those of Beers et al. (2014) and (Kordopatis et al. 2013a ).
Results
A distribution of the α−abundances of this sample is visualised in Fig. 2 . Our sample is not represented by a single Gaussian distribution, since a second population in [α/Fe] below about +0.3 dex is present. This agrees with Nissen & Schuster (2010) , so we chose a [α/Fe] value of +0.3 dex as the boundary between the α poor and α rich populations. We tested boundary variations of ± 0.05 dex around +0.3 dex, which did not change the conclusions of our work.
To account for the errors in the parameters, we propagated them using Monte Carlo simulations. The [α/Fe] value of each star was modelled as a Gaussian distribution with a mean value and standard deviation given by the [α/Fe] value and its error. Then, by randomly selecting an [α/Fe] for each star and counting the number of stars about the [α/Fe]= +0.30 threshold, a value of the α poor /α rich ratio was found. This method was repeated 10,000 times and the mean ratio found along with its standard deviation.
The α poor /α rich ratio
The α poor /α rich ratio was determined as a function of metallicity, log g, Galactic longitude, Galactic latitude, height above the Galactic plane, and Galactocentric radius as can be seen in Fig. 3 and the top panels of Fig. 4 . We investigated variations in the α poor /α rich ratio with Galactic coordinates in case of overdensities of α poor stars. We used log g to look for biases in the stellar parameters. Metallicity allowed us to determine how the α poor /α rich ratio changes with the metallicity of the formation environment of the stars themselves.
In Fig. 3 the α poor /α rich values are illustrated. The bin sizes for these parameters were chosen to be at least twice the mean error in the parameter concerned (Jofré & Weiss 2011) . The top left panel in the figure shows the α poor /α rich ratio as a function of metallicity, showing a mean value of 0.251 ± 0.18. The top right panel shows the α poor /α rich ratio, this time with the sample binned in log g, where the mean value is 0.32 ± 0.10. The bottom panels show the distribution of α poor /α rich as a function of Galactic latitude and longitude, with mean values of 0.26 ± 0.05 and 0.28 ± 0.09, respectively. Although the α poor /α rich value shows in some cases a slightly different value with respect to the mean, it is not possible to ensure that these have a physical meaning given the small number of stars in some of these subsamples. The bin at low gravities, for example, has three stars only, and the bin at l = 100°has 26 stars. Furthermore, these subsamples do not correlate with each other. For example, the bin at l ∼ 100°h as all possible values of metallicities, log g, b, and radial velocities. The error bars obtained for the α poor /α rich value for each subsample, together with the lack of a systematic trend or clump for this value, allow us to compute the ratio for the whole dataset obtaining a value of α poor /α rich = 0.27 ± 0.08.
Stellar distances
Using the method outlined in Kordopatis et al. (2011 Kordopatis et al. ( , 2013b , we derived stellar distances. We used those stars whose 2MASS J magnitudes (Skrutskie et al. 2006 ) and the associated errors were known, whose combination of parameters could be utilised by the method of Kordopatis et al. (2011 Kordopatis et al. ( , 2013a . This left us with 357 stars with derived absolute magnitudes. The distance modulus, µ = m J -M J , was calculated for each star and the uncertainties in the calculated absolute and apparent magnitudes were propagated to the distance modulus. The error in the distance was calculated using the standard error propagation formula. We excluded stars from our sample whose fractional distance error was greater than 0.6 leaving us with a subsample of 291 stars.
Using the distances and the Galactic coordinates we calculated Galactocentric radius R and vertical height above the plane Z. In the same way as in Fig. 3 , we calculated the α poor /α rich ratio as a function of these parameters for the 291 stars with 1 kpcsized bins except the last two which have 2 kpc-sized bins. We then computed the mean [α/Fe] as a function of Galactocentric radius and absolute plane height. These bin sizes were chosen to ensure there was a sufficient number of stars to determine the error bars.
A slight trend can be seen in the top right panel of Fig. 4 , with the α poor /α rich ratio decreasing slowly as a function of Z for stars for stars within 8 kpc. Closer to the plane (|Z| < 2 kpc) the α poor /α rich has an absolute value significantly larger than the value farther away from the plane. From |Z| > 2 kpc the α poor /α rich value is slightly below 0.28 as found generally in Fig. 3 . However, the error bars do not allow us to fully separate the absolute value of the α poor /α rich ratio i.e. inside and outside of |Z| = 2 kpc. Furthermore, at |Z| > 2 kpc the trend disappears with the ratio appearing to be constant, within the errors. However, this trend is not seen as a function of R in the top left panel of Fig. 4 , where within the errors the α poor /α rich ratio is more or less constant except for the first bin (which is very uncertain as it contains only 18 stars). To conclude that the step in Z is real, more stars with more accurate distances are needed to decrease the bin size of distances and the error bars. In the bottom panel of Fig. 4 we can see that within the errors of our mean [α/Fe] values, the [α/Fe] value is essentially constant for stars at different distances. This gives credence to the idea that the stars of the inner halo formed from large proto-galactic clouds with some contamination by accreted material of smaller subunits. We note that with further GES data releases it would be possible to extend the reach of this α poor /α rich determination to the stars above 12 kpc, where the α poor /α rich could differ from the value found for the inner halo.
Discussion
Early origin scenarios for the halo were proposed by Eggen et al. (1962) and Searle & Zinn (1978) , each predicting different properties of the Milky Way and its halo. However, current observations and ΛCDM (Lambda Cold Dark Matter) models suggest that neither scenario is entirely correct, with the rapid collapse of Eggen et al. (1962) being insufficient to explain the substructure observed in the outer reaches of our Galaxy by Bell et al. (2008) and the accretions of Searle & Zinn (1978) failing to explain the small metallicity gradients observed by Dauphole et al. (1996) . The observations seemed to imply that a combination of the two extremes was a better way to explain the formation process.
The simulations of Zolotov et al. (2009 Zolotov et al. ( , 2010 , Font et al. (2011), and Tissera et al. (2013) , for example, produce galaxies from singular gas collapses combined with accretion aiming at understanding the importance of those processes in the formation history of the halo. They track this history using the so-called in situ and accreted stars. We interpret the in situ stars as being α rich and the accreted stars as being α poor (Nissen & Schuster 2010) . The value of the ratio of accreted to in situ stars is computed in simulations using different input parameters. These parameters include the mass of the collapsing gas, the mass of accreted gas, the mass of the dark matter, the effects of supernova feedback, and the merger history. The ratios of the accreted stars to the in situ stars is predicted to be 0.5 (Font et al. 2011) , in the range of 0. 4 -4.0 (Zolotov et al. 2009 ), or at least 0.15 -0.7 (Tissera et al. 2013 ). In general, there is a combination of in situ and accreted stars at short distances, but at large distances there is an agreement that the halo stars are mostly accreted stars. Our results come from observations at distances smaller than those modelled by most of the simulations. These small distances are also the most uncertain regions in the simulations. Our α poor /α rich ratio of 0.28 ± 0.08 should be used to constrain these models. Supernova feedback and the mass of the accreted sub galactic systems, for example, were highlighted as important factors in determining the accreted to in situ ratio (Zolotov et al. 2009; Tissera et al. 2013) .
Other observational campaigns have attempted to quantify the ratio between accreted and in situ populations in the Galactic halo. Sheffield et al. (2012) , for instance, used a large sample of M-giant stars covering a large region of the sky. They find and equal number of in situ to accreted stars in the halo, in better agreement with some of the above simulations than our 0.28 ± 0.08 result. It is important to note that some of their accreted stars are α rich (see Fig. 7 in Sheffield et al. 2012 ). In our case some of the accreted metal-poor stars ([Fe/H] < −1.5) could be α rich from e.g. Sagittarius (de Boer et al. 2014 ), but if this portion were significant, then we would expect a trend as a function of metallicity in Fig. 3 . Unavane et al. (1996) , on the other hand, using mainsequence turn-off stars found a ratio of 0.1 between accreted and in situ stars in the halo. Their conclusions are drawn from the assumption that in situ stars are coeval presenting a well-defined turn-off. They found that 10% of their sample was hotter than the turn-off and interpreted that the younger population was the accreted one. It would be interesting to compare future [α/Fe] determinations of the Unavane et al. (1996) sample with our own study.
Using our distance measurements we can see that these results are focused on the inner halo. We also draw attention to the fact that the mean [α/Fe] value does not appear to change dramatically for Z< 12 or R < 16 kpc. The α poor /α rich ratio step at Z = 2 kpc seen in Fig. 4 needs to be confirmed upon the release of future GES data. For now, we argue that within the errors, we could not find any solid evidence against the claim that a uniform α poor /α rich ratio exists within the inner halo, implying that approximately 85% of these halo stars formed very rapidly in a high star formation rate environment, such as a high density, uniformly collapsing gas cloud.
Conclusions
We conclude that the α poor /α rich ratio has a value of 0.28 ± 0.08 for the inner halo and is independent of metallicity, log g, Galactic longitude and latitude, plane height, and distance from the Galactic centre. This ratio persists spatially in the solar neighbourhood and there is no clumping of stars as a function of their [α/Fe] value. Our result does not depend on log g, thus the α poor /α rich ratio is unbiased between dwarfs and giants. The high α ratio of stars forming at a wide range of [Fe/H] suggests formation of the dominant inner halo population in a high star formation rate environment, with the minority low-α population consistent with formation in a much lower star formation rate (series of) environments.
The second data release of GES contains observations from the first 18 months of the five-year survey and is already showing its potential to quantify the parameters that allow us to deepen our understanding of the Milky Way. With much more accurate parallaxes and proper motions from the Gaia satellite and the remaining data releases of GES, this work could be extended to the outer halo. With these data we could gain much insight into the importance of mergers with components characterised by low [α/Fe] values in the formation history of the Milky Way.
